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Abstract
Clinacanthus nutans is a medicinal herb and a traditional remedy for herpes viral infection, cancer, and diabetes
mellitus. Despite its popular use, there is limited information on the chemical constituents and their relationship with
the bioactivities of the herb. The choice of drying and extraction methods will greatly influence the metabolite profile
and the bioactivities of an herbal extract. In order to maximize retention of the original chemical profile of the herb
and quality assurance, optimization of processing methods is needed. Using nuclear magnetic resonance (NMR)
based metabolomics approach, we have carried out a discriminative analysis of the metabolite profiles of the leaves
and stems of the herb when different drying (air, oven, and freeze) and extraction (soaking and sonication) methods
were used and correlated the metabolite profiles with the total phenolic content (TPC), antioxidant and α-glucosidase
inhibitory activities. Identification of primary and secondary metabolites was performed using 1D- and 2D-NMR
techniques as well as ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Results
showed that the leaf extracts, which were richer in phenolic compounds and terpenoids, showed significantly higher
bioactivities compared to the stem extracts. Several newly reported compounds in the herb, identified using tandem
mass spectrometry, included gendarucin A, a gendarucin A isomer, 3,3-di-O-methylellagic acid, ascorbic acid, and two
isomeric oxoprolinates. From the NMR metabolomics analysis, the PLS biplot model indicated that the presence of
some phenolics compounds, terpenoids, and sulfur-containing glucosides in the oven and air dried leaf extracts are
the main components responsible for the antioxidant and α-glucosidase inhibitory activities. This study has provided
additional information on the chemistry and biology of the herb that may be useful in future development




Abbreviations GLM general linear model  MVA multivariate data analysis  TPC total phenolic content
Indexed keywords
◅ Back to results
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
Phytochemistry Letters
Volume 14, 1 December 2015, Pages 123-133
Khoo, L.W.a Mediani, A.a Zolkeflee, N.K.Z.b Leong, S.W.b Ismail, I.S.bc Khatib, A.d Shaari, K.bc 




  View additional affiliations
 View references (30)
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 









,  , 
(2017) LWT - Food Science and
Technology
,  ,
(2017) Separation Science and
Technology (Philadelphia)
Inform me when this document
is cited in Scopus:






nutans (Burm. f.) Lindau: A
comprehensive review
 Kamarudin, M.N.A. Sarker,
M.M.R. Kadir, H.A.
Evaluation of the metabolic
response of Escherichia coli to
electrolysed water by H NMR
spectroscopy
1
 Liu, Q. Wu, J. Lim, Z.Y.
Identification of bioactive
compounds with GC–Q-TOF–MS
in the extracts from Clinacanthus
nutans using subcritical carbon
dioxide extraction
 Alam, M.A. Zaidul, I.S.M.
Ghafoor, K.
View all 7 citing documents
 ▻Set citation alert  ▻Set citation feed
References (30)
EMTREE drug terms: 3,3 di o methylellagic acid alpha glucosidase antioxidant ascorbic acid
Clinacanthus nutants extract gendarucin A glucoside phenol derivative plant extract
sulfur derivative terpenoid derivative unclassified drug
EMTREE medical
terms:
analytic method Article Clinacanthus nutans enzyme inhibition assay herb
metabolite metabolomics nonhuman phytochemistry plant leaf plant stem
priority journal proton nuclear magnetic resonance structure activity relation
tandem mass spectrometry ultra performance liquid chromatography
Chemicals and CAS Registry Numbers:
alpha glucosidase, 9001-42-7; ascorbic acid, 134-03-2, 15421-15-5, 50-81-7; glucoside, 50986-29-3
Anastasiadi, M., Zira, A., Magiatis, P., Haroutounian, S.A., Skaltsounis, A.L., Mikros, E. 
(2009) Journal of Agricultural and Food Chemistry, 57 (23), pp. 11067-11074.  . 
 
doi: 10.1021/jf902137e 
Arullappan, S., Rajamanickam, P., Thevar, N., Kodimani, C.C. 
(2014) Tropical Journal of Pharmaceutical Research, 13 (9), pp. 1455-1461.  . 
 
doi: 10.4314/tjpr.v13i9.11 
Azizan, K.A., Baharum, S.N., Ressom, H.W., Noor, N.M. 
(2012) American Journal of Applied Sciences, 9 (7), pp. 1124-1136.  . 
 
Chaturvedula, V.S.P., Prakash, I. 
Isolation of stigmasterol and β-sitosterol from the dichloromethane extract of Rubus suavissimus 
(2012) Int. Curr. Pharm. J., 1, pp. 239-242.  . 
 
Dai, J., Mumper, R.J. 










 ▻View in search results format
     All Export  Print  E-mail  Save to PDF Create bibliography
1
H NMR-based metabonomics for the classification of Greek wines according to variety,





In vitro screening of cytotoxic, antimicrobial and antioxidant activities of Clinacanthus

















,  , 










Find more related documents in
Scopus based on:
Perspective and insight on
Clinacanthus nutans Lindau in
traditional medicine
 Shim, S.Y. Aziana, I. Khoo, B.Y.
Metabolite profiling of
Clinacanthus nutans leaves
extracts obtained from different
drying methods by H NMR-
based metabolomics
1
 Hashim, N.H.N. Latip, J.
Khatib, A.
Formulation, evaluation and
antibacterial properties of herbal
ointment containing methanolic
extract of Clinacanthus nutans
leaves
 Sekar, M. Rashid, N.A.
View all related documents based
on references
 ▻Authors  ▻Keywords
Dampawan, P., Huntrakul, C., Reutrakul, V., Raston, C.L., White, A.H. 
Constituents of Clinacanthus nutans and the crystal structure of Lup-20 (29)-ene-3-one 
(1977) J. Sci. Soc. Thail., 3, pp. 14-26.  . 
 
Eriksson, L., Johansson, E., Kettaneh-Wold, N., Trygg, J., Wikstrom, C., Wold, S. 
(2006) Multi- And Megavariate Data Analysis Part I: Basic Principles and Applications.  . 
Umetrics, Inc. Umea 
 
Escudero, N., Marhuenda-Egea, F.C., Ibanco-Canet̃e, R., Zavala-Gonzalez, E.A., Lopez-Llorca, L.V. 
(2015) Metabolomics, 10 (5), art. no. A788, pp. 788-804.  . 
 
doi: 10.1007/s11306-014-0632-3 
Farag, M.A., El-Ahmady, S.H., Elian, F.S., Wessjohann, L.A. 
(2013) Phytochemistry, 95, pp. 177-187.  . 
 
doi: 10.1016/j.phytochem.2013.07.003 
Georgiev, M.I., Ali, K., Alipieva, K., Verpoorte, R., Choi, Y.H. 
(2011) Phytochemistry, 72 (16), pp. 2045-2051.  . 
doi: 10.1016/j.phytochem.2011.07.005 
Grasso, D., Chin, Y.-P., Weber Jr., W.J. 
(1990) Chemosphere, 21 (10-11), pp. 1181-1197.  . 
doi: 10.1016/0045-6535(90)90139-K 
Hong-Fang, J., Ai-Lin, D., Ling-Wen, Z., Chun-Yang, X., Ming-Duo, Y., Fang-Fang, L.  
Effects of drying methods on antioxidant properties in Robinia pseudoacacia L. Flowers 
(2012) J. Med. Plants Res., 6, pp. 3233-3239.  . 
 
Hossain, M.B., Barry-Ryan, C., Martin-Diana, A.B., Brunton, N.P. 







A metabolomic approach to study the rhizodeposition in the tritrophic interaction:
















Structural and behavioral characteristics of a commercial humic acid and natural






Effect of drying method on the antioxidant capacity of six Lamiaceae herbs
Cited 78 times
View at Publisher
Kim, J.-S., Kwon, C.-S., Son, K.H. 
(2000) Bioscience, Biotechnology and Biochemistry, 64 (11), pp. 2458-2461.  . 
doi: 10.1271/bbb.64.2458 
Kim, H.K., Choi, Y.H., Verpoorte, R. 
(2010) Nature Protocols, 5 (3), pp. 536-549.  . 
doi: 10.1038/nprot.2009.237 
Kim, H.K., Saifullah, Khan, S., Wilson, E.G., Kricun, S.D.P., Meissner, A., Goraler, S., (...), Verpoorte, R. 
(2010) Phytochemistry, 71 (7), pp. 773-784.  . 
doi: 10.1016/j.phytochem.2010.02.001 
Lee, S.Y., Mediani, A., Nur Ashikin, A.H., Azliana, A.B.S., Abas, F. 
(2014) International Food Research Journal, 21 (1), pp. 165-172.  . 
 
Liu, N.Q., Cao, M., Frédérich, M., Choi, Y.H., Verpoorte, R., van der Kooy, F. 
(2010) Journal of Ethnopharmacology, 128 (1), pp. 230-235.  . 
doi: 10.1016/j.jep.2010.01.020 
Mediani, A., Abas, F., Khatib, A., Maulidiani, H., Shaari, K., Choi, Y.H., Lajis, N.H. 
(2012) Food Research International, 49 (2), pp. 763-770.  . 
doi: 10.1016/j.foodres.2012.09.022 
Sakdarat, S., Shuyprom, A., Pientong, C., Ekalaksananan, T., Thongchai, S. 
(2009) Bioorganic and Medicinal Chemistry, 17 (5), pp. 1857-1860.  . 
doi: 10.1016/j.bmc.2009.01.059 
Sogi, D.S., Siddiq, M., Greiby, I., Dolan, K.D. 





















Metabolomic investigation of the ethnopharmacological use of Artemisia afra with




H-NMR-based metabolomics approach to understanding the drying effects on the









Total phenolics, antioxidant activity, and functional properties of 'Tommy Atkins'




Tan, E.S., Abdullah, A., Maskat, M.Y. 
(2013) AIP Conference Proceedings, 1571, pp. 710-716.  . 
ISBN: 978-073541199-9 
doi: 10.1063/1.4858738 
Teshima, K.-I., Kaneko, T., Ohtani, K., Kasai, R., Lhieochaiphant, S., Picheansoonthon, C., Yamasaki, K. 
(1998) Phytochemistry, 48 (5), pp. 831-835.  . 
doi: 10.1016/S0031-9422(97)00956-4 
Tuntiwachwuttikul, P., Pootaeng-On, Y., Phansa, P., Taylor, W.C. 
(2004) Chemical and Pharmaceutical Bulletin, 52 (1), pp. 27-32.  . 
 
doi: 10.1248/cpb.52.27 
Wan, C., Yuan, T., Cirello, A.L., Seeram, N.P. 
(2012) Food Chemistry, 135 (3), pp. 1929-1937.  . 
doi: 10.1016/j.foodchem.2012.06.056 
Wanikiat, P., Panthong, A., Sujayanon, P., Yoosook, C., Rossi, A.G., Reutrakul, V. 
(2008) Journal of Ethnopharmacology, 116 (2), pp. 234-244.  . 
doi: 10.1016/j.jep.2007.11.035 
Williamson, E.M. 
(2001) Phytomedicine, 8 (5), pp. 401-409.  . 
 
doi: 10.1078/0944-7113-00060 
Yong, Y.K., Tan, J.J., Teh, S.S., Mah, S.H., Ee, G.C.L., Chiong, H.S., Ahmad, Z. 
(2013) Evidence-based Complementary and Alternative Medicine, 2013, art. no. 462751.  . 
doi: 10.1155/2013/462751 
22



















The anti-inflammatory effects and the inhibition of neutrophil responsiveness by









Clinacanthus nutans extracts are antioxidant with antiproliferative effect on cultured
human cancer cell lines
Cited 41 times
View at Publisher
 1 of 1
Zhang, Q., Zhang, J., Shen, J., Silva, A., Dennis, D.A., Barrow, C.J. 
(2006) Journal of Applied Phycology, 18 (3-5), pp. 445-450.  . 
doi: 10.1007/s10811-006-9048-4 
Zhou, H., Xing, J., Liu, S., Song, F., Cai, Z., Pi, Z., Liu, Z., (...), Liu, S. 
(2012) Phytochemical Analysis, 23 (4), pp. 315-323.  . 
doi: 10.1002/pca.1360 
 Shaari, K.; Laboratory of Natural Products, Institute of Bioscience, Universiti Putra Malaysia, Serdang, Selangor,
Malaysia 
© Copyright 2015 Elsevier B.V., All rights reserved.
29





Screening and determination for potential α-glucosidase inhibitors from leaves of




















Copyright © 2017 . All rights reserved. Scopus® is a registered trademark of
Elsevier B.V.  
Cookies are set by this site. To decline them or learn more, visit our .
Terms and conditions Privacy policy
Elsevier B.V
Cookies page
